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METHOD FOR PACKET SCHEDULING AND RADIO RESOURCE 
ALLOCATION IN A WIRELESS COMMUNICATION SYSTEM 

Field of the Invention 
The present invention relates generally to comnnunication systenns and in 
particular to packet scheduling and radio-resource allocation in a wireless 
communication system. 

Background of the Invention 

Efficient radio resource allocation is important in the design of wireless 
communication systems. As the number of multimedia sources being 
channeled through wireless systems increases, the demands placed on the 
wireless access node becomes increasingly challenging. Currently, four traffic 
classes are defined for packetized service: conversational (e.g. voice 
telephony), streaming (e.g. radio broadcast over the internet), interactive (e.g. 
web browsing) and background (e.g. email). Wireless systems are required to 
uphold stringent quality of service (QoS) requirements (e.g. throughput, delay, 
signal loss) despite the fact that wireless channels are time varying and resource 
limited compared to wireline channels. In wireless systems, packet-level 
scheduling and radio resource allocation can present problems in meeting QoS 
requirements for all users (mobiles) in the system. Traditional wire-line 
schedulers such as first-come first serve (FCFS), priority queuing or weighted- 
fair-queuing (WFQ), are not aware of the radio conditions (e.g. channel gain 
values) and thus make scheduling decisions without taking radio conditions into 
account. For example, if mobile A is transmitting on a strong channel and 
mobile B is transmitting on a weaker channel, traditional wire-line schedulers 
would not take this information into account. If instead, transmissions are 
prioritized based on channel conditions, it is possible to improve system 
throughput. Thus, utilizing a scheduler with knowledge of the radio conditions 
produces a more efficient system. 

Efficiency is not the only concern in a commercial system. The system 
must also be designed to ensure that resources are fairly arbitrated among the 
various mobiles so that each user can meet its QoS requirements. Some 
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schedulers, that are cognizant of the channel conditions and that attempt to 
maximize efficiency while maintaining some degree of fairness in the arbitration 
of resources, have been proposed. However, none of the proposals provides a 
means to change the relative emphasis between system efficiency and fairness 
of allocation as the need arises. 

Thus, there is a need for a systematic and flexible means to strike 
different trade-offs between system efficiency and fairness of allocation. 

Brief-Description of the Drawings^ 

FIG. 1 is a block diagram of a communication system that can implement 
the preferred embodiment of the present invention. 

FIG. 2 is a flow chart of the tasks performed in the preferred embodiment 
of the schedule plan phase of the method of the present invention. 

FIG. 3 is a plot of curves used by a link adaptation algorithm that can be 
used in the preferred embodiment of the scheduling algorithm of the present 
invention. 

FIG. 4 is a flow chart of the tasks performed in a first embodiment of the 
actual schedule phase of the method of the present invention. 

FIG. 5 is a flow chart of the tasks performed in an alternate embodiment 
of the actual schedule phase of the method of the present invention. 

Summary of the Preferred Embodiment 

The present invention provides in a communications system 
comprising a plurality of cells, each cell having a base station and a plurality of 
mobile stations, a method of scheduling packet transmission comprising the 
steps of: a) determining a nominal power level for all base stations in the 
system; b) determining an average effective data rate for all mobile stations in 
the system; c) using the transmit power level and average effective data rate to 
determine a tentative transmission schedule for each of the plurality of mobile 
stations in the system; and d) modifying the tentative transmission schedule 
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using current radio conditions in a particular cell to determine an actual 
transmission schedule for each mobile station in the particular cell. 



Description of the Preferred Embodiment 
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The preferred embodiment of the present invention performs packet level 
transmission scheduling while considering radio resource allocation at the 
wireless access node. The invention offers gains over a scheduling scheme that 
is performed independentjDf_radip„resour^^^ Herein, the term ^ 

scheduling includes determining power level allocations, data rate allocations 
and time allocation of resources. The scheduler of the present invention 
performs tasks on the packet level assuming that the admission control 
decisions at the call level have already been performed. The manner in which 
the data rate allocations are determined depends on the type of system that is 
employed. In a TDMA system, the date rate allocation is determined by 
adapting the modulation and coding scheme (MCS) and/or by accessing 
multiple time slots or carriers. In a CDMA system, on the other hand, the data 
rate allocation can be determined in several ways. For example, the allocation 
can be determined by adapting processing gains or spreading factors (SFs), 
adapting the MCS, adapting multiple spreading code allocations or a 
combination of the three. The present invention uses the radio condition 
information at two different time scales of resolution. At a slow time scale, in the 
schedule plan phase, allocations are made on the basis of average radio 
conditions of all mobiles in the system. At a faster time scale, in the actual 
schedule phase, allocations are made on a per cell basis based on the current 
radio condition of each mobile in the cell. The frequency at which current radio 
conditions are updated depends on the rate at which feedback reports are 
generated in the system. When a report is desired for the downlink channel 
conditions, the scheduler, if located at the base station, sends a polling 
message to the mobile stations in the system. The uplink channel conditions 
can be measured at the base station. If the scheduler is located at the radio 
network controller (RNC), the scheduler sends a polling message to the mobile 
stations for the downlink channel conditions and sends a polling message to the 
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base station for the uplink channel conditions. The scheduler algorithm includes 
a parameter that represents the frequency at which reports are desired. 

Referring to FIG. 1 , a diagram of a communication system in accordance 
with the preferred embodiment of the present invention is shown. In the 
5 preferred embodiment, the communication system 100 includes an RNC 102 
coupled to a first communication cell "a" including a first base station (BTS) 
104a. The BTS 104a is coupled to the RNC 102 over a wireline connection 106a. 
Coupled to the first BTS 104a are a plurality of mobile stations (MS) 108a, 

1-10a,1 12a. For simplicity of explanation, three„MSs-are shown._lt should be „ 

10 recognized that the invention can be implemented using more than three MSs 
O coupled to the BTSa. The MSs 108a, 1 10a, 1 12a are coupled to the BTS 104a 

through wireless connections 114a, 11 6a, 118a. The RNC 102 is also coupled to 
a second communication cell "b" including a second base station (BTS) 104b. 
ffi The BTS 104b is coupled to the RNC 102 over a wireline connection 106b. 

jfi 15 Coupled to the second BTS 104b are a plurality of MSs 108b, 110b,112b . For 
'L, simplicity of explanation, three MSs are shown. It should be recognized that the 

invention can be implemented using more than three MSs coupled to the BTSb. 
;^ In alternate embodiments, the RNC 102 can be coupled to a plurality of 

O communication cells "N" as previously described. For simplicity of explanation, 

20 the invention will be described with respect to the RNC 102 coupled to a first 
communication cell "a" and a second communication cell "b." A BTS and MS 
that can be used with the present invention are available from Motorola, Inc. of 
Arlington Heights, Illinois. An RNC that can be used with the present invention 
can be purchased from several sources, such as, Alcatel of France and Nortel of 
25 Dallas, Texas. 

In the wireless communication system 100, traffic is transmitted between 
a BTS and a MS in the form of frames/packets. Because the resources in the 
system must be shared by many sources, the frames/packets to be transmitted 
by a MS are stored in a queue until the packet/frame is scheduled for 
30 transmission. A separate queue for each communication with the MSs 108a, 
110a. 112a receivers is maintained either at the BTS 104a or at the RNC 102. 
Similarly, a separate queue for each communication with the MSs 108b, 
1 10b, 11 2b receivers is maintained at the BTSb or at the RNC 102. Similar 




queues exist at each of the MSs for each communication which they are the 
initiating agents. In the improved scheduling scheme of the present invention, 
the first step in determining the appropriate allocations is to determine a nominal 
channel power level and average effective data rate (e.g., using MCS and 
spreading gain) for the MSs1 08a,b. 1 1 0a.b, 1 1 2a.b in the system. The first step 
also includes determining the fraction of time, p, each MS 108a,b. 1 10a.bJ12a.b 
will transmit during a window, W. This step in the scheduling scheme is termed 
the schedule plan. 

In a preferred embodiment^the window W is approximately ! 00 frames in 

length. The time-varying nature of the wireless channels are due it in part to 
fluctuations in the channel gains. The channel gains consist of distance based 
path loss, shadow fading and multipath fading. The choice of the decision time 
window separates the mobiles 108a.b, 110a,b.112a,b into roughly three classes: 
(1 ) the fast class in which only the distance based path loss is fixed; (2) the 
medium class in which both the distance based path loss and shadow fading 
terms are fixed; and (3) the slow (static) class in which all three terms are fixed. 

During the schedule plan phase average radio conditions (averaged over 
the decision time window W for each mobile 108a,b, 110a.b.112a,b) are used to 
calculate a transmission allocation amongst the currently active mobiles 108a,b, 
1 10a,b,112a,b to maximize net utility among a fixed set of base stations. The 
transmission allocations are then fine tuned during a subsequent time window in 
the actual schedule plan phase described later herein. 

In the preferred embodiment, the schedule plan is implemented in the 
RNC 102. In alternate embodiments, the schedule plan can be implemented at 
the BTS 104a,b. The transmission allocations determined in the schedule plan 
are weights for a weighted-fair-queuing-type sharing of time, i.e., the percentage 
of time that transmission resources are occupied by a particular mobile 108a.b, 
1 10a,b.112a,b. The percentage of time is denoted by the quantity p (see the 
Table below). This quantity assists in setting some fairness guarantees in that it 
ensures that each backlogged mobile uses the transmission resources for a 
certain amount of time over the decision time window. In a weighted-fair- 
queuing approach, resources are fairly arbitrated among the various mobiles so 
that each mobile can meet its QoS requirements. The schedule plan phase 
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determines nominal power levels and p values such that the sum total utility of 
all mobiles 108a.b, HOa.b. 112a.b is maximized. The mathematical formulation 
described herein is for downlink transmissions. However, it should be 
recognized that the invention can also be used for uplink transmissions. The 
nominal power levels can be interpreted as being the maximum power level 
allowed or the average power level allowed - at each base station in the 
downlink and at each mobile on the uplink. 

The parameters used in the mathematical calculations for the schedule 
plan. are set forth in Jhe Table below. _ ^ 



Parameter 


Description 


b 


Points to specific base stations 


W 


Schedule plan window in frames 


Mb 


Number of frames assigned to traffic 
sources at base station b 


Uii.) 


Utility function for user j 


G° 


Channel gain matrix with elements Gbj 
which are channel gains from BTS b to 
MS j for the downlink 




Channel gain matrix with elements Gjb 
which are channel gains from MS j to 
BTS b for the uplink 


T 


Gain matrix with elements Tat which are 
gains between base station a and b 


a' 


Unaccounted for interference plus 
receiver noise variance 




Effective data rate for user j given by the 
data rate or link adaptation algorithm and 
the frame error rate calculation 


n 


Average effective data rate for user] 




Nominal transmit power level for base 
station b 



7 



p. 


credits for each connection 


JT7' 


flmnunt nf nnrm?ili7P^H hvtp*^ transmitted 

for each connection during the 
schedulina window 

Owl IwVJUIII 1^ VVII IVJv^ w 


Wj 


weight for the connection class 
(determined by QoS class) 


1 aloiTit^Lc^l ^OUi 1 1ll lUcU^ 






tunable control parameter used to 

Hpfprminp thp ar*ti i^l ^jllor^^jtion of thp 

1 1 II 1 IC? 11 IC Cl^LLICll CIIIUOClllWII \Jl LI iC7 

available bandwidth capacity 


7 


tunable control oarameter used to 
determine the actual allocation of the 
available bandwidth capacity 


Pi 


Fraction of time the transmission 
resources are occupied by user j 



Referring to FIG. 2, a flowchart of the tasks performed in the schedule plan 
phase of the present invention are shown. In block 202, the power transmitted 
by each BTS in the system is given an initial value. An initial value used for the 
power transmitted by each BTS could be the maximum allowed by the system. 
In block 204, the initial power values along with the channel gain Gbj. 
interference channel gain Tab. and receiver noise power plus unaccounted 
interference are used to approximate the signal to interference plus noise 
ratio (SINR) for each mobile station j. The quantities Gbj. Tab, and are 
obtained by polling the transceivers at each MS and each BTS for a 
measurement report. In computing the SINR for each mobile station j , let P'""" 
denote the vector of nominal powers at all of the base stations in the system. 
For example, P^""" denotes the nominal power used at the base station b. Let 
denote the energy gain from base station b to mobile station J . Let T^^ 
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denote the energy gain from base station a to base station b . Then the SINR 
at mobile station j can be approximated by 

SINR. = ^ (1 ) 

In an alternate embodiment, more accurate formulae for SINR from known 
literature may be used. For instance, in the downlink T^^ may be replaced by 

G^j , the energy gain from base station a to mobile station j\ In yet another 

alternate-embodiment, the-SlNR may-be obtained-directly from measurement " 
reports. The direct measurement approach is most useful when the nominal 
transmit power level is not varied. 

In block 206, the SINRj is used to determine the modulation and coding 
scheme and/or spreading factor (SF) to be used by each MS 108a.b. 
110a,b.112a.b in the system. The SINRj is then used to determine the average 
effective data rate Rj^^^^ of each MS 108a.b, 110a.b,112a,b in the system as 

follows. For each MCS and SF pair, there is a corresponding fixed data rate Rj. 
The SINRj is used to calculate the frame error rate (FERj) for each MS 108a,b, 
110a,b,112a.b, wherein the FERj is a function of the SINRj, the MCSjand the SF. . 
The effective data rate can be expressed as: 

Rj = - FERj) =: FjiSINRj ). (2) 

Referring to FIG. 3, curves used for one link adaptation algorithm in 
determining the quantities in block 206 (FIG. 2) are shown. In the preferred 
embodiment, curves for a TDMA EDGE system are utilized. The upper portion 
of FIG. 3 shows FER vs. SINR curves for modulation and coding schemes MCS 
1, MCS 2 and MCS 9. The lower portion of FIG. 3 plots the effective data rate 
(throughput), (1-FER) * R, for each of the MCSs shown in the upper portion of 
the figure. As previously mentioned, the data rate R is a known quantity for each 
MCS. In the link adaptation algorithm, for each value of SINR calculated in 
block 204 (FIG. 2), the algorithm identifies potential MCSs whose FER (at that 
SINR value) is at most the target FER in the upper portion of FIG. 3. Then, 
among the potential MCSs identified, in the bottom half of FIG. 3, the algorithm 
chooses the MCS with the highest effective data rate. The corresponding 




effective data rate is recorded in the bold curve and gives the SINR ^ Effective 
data rate mapping Rj= Rj(l~FERj)=: ry(577W?; ) of equation (2) above. 

An example for a TDMA system has been described. A similar scheme 
can be used for a CDMA system. In the case of a CDMA system there would be 
5 similar performance curves except indexed by the spreading factor and the 
MCS. The definition of the effective rate remains the same. 

The average effective data raie Rj.avg is used in block 208 to produce the 
planned fraction of frames pj to be used by each MS 108a,b^, 1 10a^b.112^.b, and 

the corresponding throughput equals pj Rj^avg- The values are obtained as a 
10 solution to the optimisation problem: 
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max Y.Uj(pjRj,,g) 
subject to 

Pj>0 



In the preferred embodiment the utility function is 

[log(>r),a = 0 J 

For this utility function, the planned fraction of frames, pj , is given by the 
equation 



(3) 



Pj = 



\-a 



(4) 



j^Jb 



y-a 



Note that if a is greater than zero, the allocation favors users with higher rates, 
i.e., the user with a higher rate gets a higher fraction of frames allocated to it. 
The parameter a controls the extent to which this bias is enforced. A value of 
a equal to 1 leads to an efficiency only solution with all slots allocated to the 
users with the highest data rates. A value of a close to -oo yields a fairness only 
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solution. A value of a equal to 0 is equivalent to using a logarithmic utility 
function and yields a proportionally fair solution. The throughput for this 
exannple is then given by: 

throughputs = p. oc ky-^ - ^^^^ where p = — . (5) 

The pj values along with the effective data rate are used to determine 

the frame credits available to each MS 108a,b, 1 10a.b.1 12a.b. The frame credit 
value is the number of bits to be transmitted over a window W. The frame credit 
value is used in the actual schedule phase to en'sure that no MS 1 0Sa.bi 
1 10a,b,112a,b is allocated an inordinate share of the resources. Once the pj 

values and average effective data rate ^^.^^^ values are known, P"°"^ is updated 

(block 210) and the algorithm loops through blocks 204, 206 and 208 until 
convergence is achieved (decision block 212). Once convergence is achieved, 

the algorithm outputs P"""", the MCSj and/or SFj, Rj^^^ , and pj . The algorithm 

in the schedule plan can also be used to calculate the nominal power levels 
only. In such a case, the schedule plan algorithm is referred to as the nominal 
power allocation algorithm. 

In the actual schedule phase of the preferred embodiment of the 
scheduling algorithm of the present invention, the allocation quantities are 
suitably modified on the basis of current radio conditions. The current radio 
conditions are preferably available from the periodic feedback reports. The 
current radio conditions can also be available through some other mechanism 
such as pilot measurements in a CDMA-based system. Specifically, in the 
actual schedule phase, the nominal values of power levels p"°"^, average 

effective data rate Rj^^^ . along with the planned fraction of frames pj and 

current measurement reports are used to determine the actual schedule for 
mobile station transmissions in a particular cell a or b. Note here, that whereas 
in the schedule plan average values (power, effective data rate, etc.) were 
determined for all MSs in the system, in the actual schedule, current values 
(power, effective data rate, etc.) are used to determine the transmission 
schedule on a per cell basis. Specifically, current values are compared to 



average values in determining the order in which MSs 108a. 110a, 112a or 108b, 
IIOb.1 12b will transmit. The goal of the actual schedule is to give an advantage 
to the MSs among 108, 1 10,1 12 with good channel conditions to maximize 
efficiency, while factoring in the schedule plan to ensure that the transmission 
channel is shared in a fair manner. Users can be prioritized based on many 
factors. For example, priority can be based on relative channel gains, relative 
signal-to-interference levels (relative to the average conditions under which the 
schedule plan calculations were made), absolute channel gains, absolute signal- 

tp_-Jnt_erference levels or some combination_ofJhese_quantities. 

In the actual schedule phase, the transmit power levels are adjusted 
based on current conditions at both the BTS (in the current example BTS 104a) 
transmitter and all the MSs 108a. 1 10a. 1 12a receivers communicating with the 
BTS 104a. A first embodiment of the actual schedule (FIG. 4) is a credit-based 
implementation of weighted-fair-queuing. The implementation is credit-based 
because it allocates the available bandwidth capacity to users based on credits. 

The algorithm uses quantities Wj , Cj , Wj , Rj^avg ^nd R defined for each 
connection and numbers /3 (>ff >0)and y {0<y<\). The quantities Wj, Rj^^vg 
and Rj are the weight for the connection class (determined by QoS class), 

average effective data rate (calculated by the schedule plan) and current 
effective data rate (calculated using current channel conditions), respectively. 
The quantity Cj is the number of channel and class based credits for each 

connection and is defined by the equation: 



(6) 



The quantity Wj is the amount of normalized bytes transmitted for each 
connection during the scheduling window, and for each connection, Wj is reset 
to zero at the beginning of each window. Numbers fi and y are tunable 
control parameters used in equation (6) to determine the actual allocation of the 
available bandwidth capacity. The choice for the value of p depends on the 
utility function chosen, p is used to enforce to what extent efficiency, i.e.. total 
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throughput, is sacrificed in favor of fairness. Control paranneter y is used to 
deternnine how much emphasis should be placed on the current value of the 
effective data rate when computing the credits of the users. For example, if y is 
set to zero, only the average value of the effective data rate is used in 
computing the credit. The value of y should depend on how accurate or reliable 
the current effective data rates are. The purpose of y is to take advantage of 
the fast measurement reports if available and improve the total throughput by 
serving the users with better current radio conditions first. The actual schedule 
algorithm gives a MS connection a throughpUf that is^propoTtionar to^iis'credit " 
subject to various constraints and bottlenecks. The algorithm also prioritizes 
users based on their current effective data rate relative to their average effective 
data rates. Every time a packet is removed from a user queue, W is updated 
using the equation: 



Wj = Wj + 



^number of bytes received j ^ 



(7) 



The algorithm attempts to keep Wj roughly equal for all users by selecting MS 
108a, 11 Oa, 1 12a with the lowest Wj for transmission in each frame provided they 
are allowed to transmit and have data to transmit. New users are assigned a 
Wj value based on the Pf^. values of the already present users, their QoS class, 

and amount of data to be transferred. 

FIG. 4 is a flow chart of the first embodiment of the actual schedule 

algorithm described above. In block 402, the actual effective data rate^^. is set 

equal to the average effective data rate^^^^^ calculated in the schedule plan. In 

addition, the credit value Cj is calculated (using equation (6)) and the amount of 

normalized bytes transmitted for each connection Wj is set to zero. In block 

404, P"°'" output in block 214 of FIG. 2 is used along with current values of gain 
and interference terms in a known power control algorithm to determine actual 
power values for each MS 1 08a 1 1 0al 1 2a in each cell. Next, in decision block 
406, the algorithm determines whether a measurement report was received. If a 
measurement report was received, current values of actual power, gain and 
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interference terms are used in a data rate/link adaptation algorithnn to deternnine 
the MCS and/or SF and Rj for each MS 1 08a 1 1 0a1 1 2a in each cell (block 408). 

Next, in block 410, the current credit value Cj is computed using Rj, Rj^avg 

the knowledge of the QoS of each MS 108a 110a1 12a in each cell. In block 412, 
on a per cell basis, amongst the users who have data to transmit and are 
allowed by system constraints to transmit, the user with the lowest Wj is 

determined and assigned for transmission. If a measurement report was not 
„ received in decision_block-406, the algorithm skips blocks 408 and 410 and 
proceeds with block 412. Next, in block 414, Wj is updated for each MS 108a 

1 lOal 12a in each cell using equation (7). In decision block 416. the algorithm 
determines if it has reached the end of the scheduling plan window. If the end 
has not been reached, the algorithm loops back through the process beginning 
with block 404. If the end has been reached, the algorithm proceeds to the 
schedule plan phase beginning with block 202. 

An alternate embodiment of the actual plan, shown in the flow chart of 
FIG. 5, is a distributed and asynchronous implementation of the algorithm. The 
power allocation part of the schedule plan is used whenever there is power 
reallocation message generated by the RNC 102. The asynchronous 
implementation implicitly uses the decision window concept by computing the W 
and Rj^avg based on exponential averaging: 

Rj..r ^r.Rj (8) 

where r is an appropriate discount factor. At the beginning of each frame, the 
algorithm updates W according to: 

^ = (1-^) -W (9) 
where 0<^< \ and 1-^ is a discount factor used as commonly in the art to 
keep W from continuously increasing with time. After serving a user in each 
time slot, the algorithm updates Wj of the user that was just served as follows: 

number of bytes transmitted . 

w.=w.+<^ '-^ 

(10) 
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where <j> is an additional normalizing factor that scales the numerical value of 



Wj appropriately. As per the previous embodiment C- = ^jRj^, 



, and 



the actual schedule chooses the MS 108a 110a112a with the smallest for 

transmission in each frame provided they are allowed to transmit and have data 
to transmit. 

FIG. 5 is a flow chart of the alternate embodiment of the actual schedule 
algorithm-described above. In-block 502, P-"~ output-in block 214 of FIG. 2 is 
used along with current values of gain and interference terms in a known power 
control algorithm to determine actual power values for each MS 108a 1 lOgl 12a 
in each cell. Next, in decision block 504, the algorithm determines whether or 
not a measurement report was received. If a measurement report was received, 
current values of actual power, gain and interference terms are used in a data 

rate/link adaptation algorithm to determine the MCS and/or SF and R. for each 

MS 108a 110a112a in each cell (block 506). Next, in block 508, R.^^^ is updated 
for each MS 108a 110a112a in each cell using equation (8). In block 510. the 
current credit value C. is computed using R^, Rj^^^ and the knowledge of the 

QoS of each MS 1 08a 1 1 0al 1 2a in each cell. In block 51 2, on a per cell basis, 
amongst the users who have data to transmit and are allowed by system 
constraints to transmit, the user with the lowest Wj is determined and assigned 

for transmission. If a measurement report was not received in decision block 
504, the algorithm skips blocks 506, 508 and 510 and proceeds with block 512. 
Next, in block 514, Wj is updated for each MS 108a 1 lOal 12a in each cell using 

equations (9) and (10). In decision block 516. the algorithm determines whether 
or not a power reallocation message was received. If a power reallocation 
message is received, the schedule plan algorithm is repeated to recalculate P^^^ 
(FIG. 2, block 202). If a power reallocation message is not received, the 
algorithm loops back through the process beginning with block 502. 

In a second alternate embodiment, the packet scheduler uses the relative 
effective rate compared to the average rate calculated in the schedule plan 
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phase to prioritize the mobiles 108, 110,112. The mobiles 108, 110.112 are 
allowed to transmit according to their priorities (which can change as frequently 
as the current channel information is available) subject to their having bit credits 
and non-zero queue lengths (i.e.. frames stored in their respective queue). In 



user is allowed to transmit and has data to transmit. The update of #^ is 
performed using either equation (7) or equations (9) and (10). In the latter case, 
Rj^avg is computed using equation (8). In other (no less preferred) embodiments, 

any of the other parameters or a combination of the parameters can be used to 
determine the transmission priorities. 

The schemes described above are for a TDMA system. For a CDMA 
system, the sorted list (increasing order) of Wj s provides the order in which 

users are to be chosen for transmission during the current frame. The exact list 
of users who transmit during the current frame would be determined according 
to the following steps: 

1 . For the first user, if there is no data, skip to step 3. If there is data to 
transmit, then label the user as the current user and proceed with step 
2. 

2. For the current user, transmit the maximum amount of data that the 
system resources (power budget remaining, code resources 
remaining, etc.) allow. Proceed to next step. 

3. If all users in the cell are exhausted, then exit. Determine whether the 
next user on the ordered list has data to transmit. If so, label the user 
as the current user and go to step 2. If the next user on the ordered 
list does not have data to transmit, repeat this step 3. 

Those skilled in the art will recognize that various modifications and 
variations can be made in the apparatus of the present invention and in 
construction of this apparatus without departing from the scope or spirit of this 
invention. For example, the method of the present invention can be 



this embodiment, the credits are defines as Cj = y^jRj^ 



and the user with the 




r 



is chosen for transmission in each frame provided that the 
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implemented in a communications system that includes more than two base 
stations. 



